Background: Since December 2010, a nationwide real-time medication surveillance program has been implemented in Korea to prevent potential adverse drug reactions. Our goal was to evaluate physicians' and pharmacists' satisfaction and clinical needs for the medication surveillance program in Korea. Methods: Both web-and paper-based surveys were conducted using a structured questionnaire among 1164 physicians and pharmacists from . The survey consisted of questions about the participant's satisfaction with the medication surveillance program, clinical usefulness, clinical need for the medication surveillance program, and sociodemographic characteristics. Multivariate ordinal logistic regression was performed to investigate the factors influencing satisfaction levels with the medication surveillance program. Results: We analyzed data from 1120 respondents, including 503 physicians and 617 pharmacists. Overall, 63.1% of the respondents were satisfied with the medication surveillance program. Pharmacists were more satisfied with the program than were physicians (69.1% vs. 55.6%; adjusted odds ratio, 2.13; 95% confidence interval, 1.65-2.76). Among the respondents, 77.8% cited a decrease in therapeutic duplication to be a major improvement resulting from the medication surveillance program, 82.6% considered the drug-drug interaction information useful, and 48.7% suggested that the program should include information on liver or kidney disease-drug interaction. Conclusions: Overall, 63.0% of physicians and pharmacists were satisfied, and a decrease in therapeutic duplication was regarded as the most beneficial component. Further improvements by considering clinical needs of physicians and pharmacists will be needed to increase satisfaction.
Background
Inappropriate drug use can cause adverse drug reactions (ADRs), influence public health, and increase medical expenditures because of unnecessary hospital admissions [1] . For use as a tool to prevent inappropriate drug use, the medication surveillance program (so-called Drug Utilization Review) is a structured, concerted effort to evaluate prescription drug use according to pre-determined standards [2] . Its purpose is to continuously improve the quality of pharmacotherapy by evaluating the appropriateness of prescribed drugs, dosages, administration periods, and quality-of-life attributable to medications [3] . Although details are different from country to country, the program usually addresses issues, such as drug-drug interactions, drug-disease interactions, drug-patient precautions, and drug dosage modifications [4] . The medication surveillance program can ensure the standard quality of pharmacotherapy and safe drug use by reducing the risk of abuse, underand over-use of medications, and preventing ADRs. Furthermore, the medication surveillance program can reduce variation in patient care among prescribers and regions by standardizing drug therapy and reduce medical care costs attributable to unnecessary drug use [5] .
The development of a national drug database for medication surveillance began in earnest when the Ministry of Health and Welfare of Korea announced a list of drug-drug interactions and age contraindication drugs in 2004 [6] . However, since 2005, the Korea Ministry of Food and Drug Safety (MFDS) has been in charge developing and announcing the drug lists. In December 2010, the computerized real-time medication surveillance system was established and operated by the Health Insurance Review and Assessment Service (HIRA). The Korea Institute of Drug Safety and Risk Management (KIDS), launched in April 2012, took the role of actively developing a drug database for the medication surveillance program. Since then, the type of surveillance has become more diverse by including not only drug-drug interaction, age and pregnancy contraindications but also therapeutic duplication, dosage advisements, and administration period advisements to prevent duplicative use and overuse of medications and as a result cast a wider and more secure net for drug safety (Fig. 1) .
In Korea, when a physician writes a prescription, the information is transmitted to the HIRA and checked in real time through a concurrent system. The prescription is compared to the patient's medication history and a list of suspended drugs. If it is determined to have any safety issue, the prescriber receives a warning on the computer screen within 0.5 s. Once having received a message, the prescriber can change the prescription or proceed with the original prescription by entering the reason for the override. The pharmacist that dispenses the prescribed medication undertakes the same process and double checks the prescription. If given an alert, the pharmacist can choose to change the prescription or proceed to dispense the prescribed medication. According to the report published by the HIRA in 2018, the medical surveillance system was established in 99.7% of all medical institutions and pharmacies and used by 97.7% of these [7] .
The US and European countries that initiated medication surveillance programs earlier experienced alert fatigue, which refers to the phenomenon of habitually overriding pop-up alerts because of frequent occurrences of clinically insignificant, minor alerts [8] [9] [10] [11] . This situation is concerning as it can defeat the purpose of the surveillance that was established for patient safety. Diagnosing this problem necessitates evaluating the level of satisfaction with the medication surveillance among healthcare professionals and understanding the inconveniences experienced because of this surveillance program. The scope of the medication surveillance program provided in Korea is narrower than that in other countries because of a lack of information on drug allergies and renal disease precautions [8, 9] . To maximize the usefulness of the medication surveillance program, we need to understand what more is needed by the clinical practice, as well as to prioritize areas of the greatest need. Therefore, the goals of this study were to evaluate physicians' and pharmacists' satisfaction levels with the medication surveillance program, because they are the main users of the surveillance services, and to investigate the areas where improvement is needed. In addition, because physicians and pharmacists use somewhat different user interfaces and see patients under different circumstances, we hypothesized that they will have different responses regarding their prescription checking processes and the surveillance service performance. Hence, we compared satisfaction and clinical needs with respect to the program between physicians and pharmacists.
Methods

Questionnaire development
We developed a structured questionnaire to investigate the level of satisfaction with the medication surveillance program and to identify the areas of additional need for healthcare professionals. An initial draft of the questionnaire was pilot tested independently with 2 physicians and 5 pharmacists. After the test, we slightly modified the wording of some questions to improve the understanding of the respondents. The questions regarding the characteristics of study participants included profession (physician vs. pharmacist), gender, age, region, and years of practice. The level of satisfaction was collected using a 5-point scale: strongly satisfied, satisfied, neutral, dissatisfied, and strongly dissatisfied. Respondents were asked to rate, using the same scale, their opinions on whether the medication surveillance had made the following specific improvements: prevention of adverse drug reaction, decrease in therapeutic duplication, and decrease of drug overuse. The respondents then rated the degree to which the medication surveillance program was useful in their clinical practice for each information type (drug-drug interaction, age contraindication, pregnancy contraindication, and therapeutic duplication) on the same scale. The respondents were also asked to select the areas that most needed additional information among the following four types of the surveillance program services, which are provided by the US and European countries: cautionary information on patients with liver and renal disease, drug allergy cautionary information, clinical overuse and abuse, and gender-based cautionary information.
Questionnaire administration
The developed questionnaire was made accessible online on the KIDS's web-based survey system. We informed 167 organizations (158 academic societies under the Korean Academy of Medical Sciences and 9 physicianand pharmacist-related associations) of the survey webpage and solicited responses via phone calls and official letters from researchers from KIDS, a Korean public institute (May 22-27, 2014). All collaborating organizations sent e-mails, including a link to our survey system to their registered members or posted the link on their websites. After 3 weeks (June 10-13), we contacted the organizations with low response rates for further solicitation. Nonetheless, the response rate remained low, raising concerns regarding the lack of representativeness. Therefore, we conducted face-to-face interviews using printed questionnaires among participants at general academic congresses for hospital pharmacists and physicians. The survey was conducted from May 23 to August 11, 2014.
Statistical analysis
Data collected through face-to-face interviews were manually entered into a database, which was subsequently merged with the database constructed from the webbased survey. Questions were structured in a manner to collect categorical variables and calculate the frequency and percentage (%). We calculated the frequency and percentage of responses according to the characteristics of study participants, such as profession, gender, age, region, years of practice, type of medical institution or pharmacy, and specialty (for physicians only). For the questions relating to the level of satisfaction with the medication surveillance program, whether the medication surveillance had resulted in specific improvements, and the degree to which each type of surveillance service improved clinical practice, we calculated the frequency by profession and performed a Pearson's chi-square test. To determine whether there was a difference between the opinions of physicians and pharmacists regarding additional medication surveillance services needed, we conducted a twosample Z test on the proportions of respondents who indicated each type of the additional medication surveillance service.
To identify the factors influencing the levels of satisfaction with the medication surveillance program, we conducted a multiple ordinal logistic regression analysis by adjusting for the characteristics of study participants (profession, gender, age, region, years of practice, type of medical institution or pharmacy, and specialty). To evaluate the representativeness of respondents, we performed a two-sample Z test on the proportions of physicians and pharmacists according to gender and region using demographic statistics of physicians and pharmacists. All statistical analyses were performed at the significance level of 0.05 using SAS 9.3 (SAS Institute Inc., Cary, NC, USA) [12, 13] .
Results
The study population was comprised of 93,094 physicians and 32,572 pharmacists, who were the registered members of 167 organizations (158 academic societies under the Korean Academy of Medical Sciences and 9 physician-and pharmacist-related associations). We collected completed questionnaires from 1164 participants: 515 physicians (response rate, 0.55%), 634 pharmacists (1.95%), and 15 of unknown profession. Among the 1164 healthcare professionals, 508 responded to paper-based interviews and 656 to the web-survey. After excluding 44 respondents (12 physicians, 17 pharmacists, and 15 no answer) who failed to answer most of the questions, we analyzed data from 1120 respondents.
Out of a total of 1120 respondents, 503 were physicians (44.9%), 617 pharmacists (55.1%), and 579 males (51.7%). The majority of the respondents were in their 30s (39.0%) and 40s (26.3%). The greatest proportion (26.6%) of the respondents had practiced their respective profession for less than 5 years, whereas 22.3% had practiced for 20 years or longer. The greatest proportion of physicians worked at tertiary hospitals (42.7%) and 41.2% of the pharmacists worked at hospital pharmacies. Most of the respondents (65.4%) were located in the metro areas of Seoul, Gyeonggi, and Incheon (Table 1) . Seoul provided a disproportionately high proportion of respondents (Appendix 1).
Overall, 63.1% of all respondents were either strongly satisfied or satisfied with the medication surveillance . More pharmacists (69.1%) were satisfied than were physicians (55.6%). Among the respondents, 77.8% answered "agree" or "strongly agree" to the question regarding whether the surveillance program had decreased therapeutic duplication, and 63.8 and 63.3% of the respondents agreed that the surveillance program prevented ADRs and reduced drug overuse, respectively. Similar to the general satisfaction, more pharmacists were satisfied with the improvement conferred by the program than were physicians. The majority of members of both professions were satisfied with the decrease in therapeutic duplication (73.4% of physicians and 81.4% of pharmacists). However, physicians' satisfaction (55.5%) was considerably lower regarding the prevention of ADRs than that of pharmacists (70.6%).
The proportion of physicians satisfied with the decrease in drug overuse by physicians (61.9%) was similar to that of pharmacists (64.4%) ( Table 2) . Pharmacists were more than two-times more likely to be satisfied with the medication surveillance program than were physicians [adjusted odds ratio (AOR), 2.13; 95% confidence interval (CI), 1.65-2.76]. Respondents aged 60 years and older (AOR, 2.63; 95% CI, 1.36-5.09) were more likely to be satisfied than were those in their 20s. Gender, region, and years of practice did not influence satisfaction levels (Table 3) . Similarly, the clinical specialty of the physicians did not influence the satisfaction levels (Appendix 2).
Among the four types of medication surveillance services, the drug-drug interaction information was viewed as the most useful; 26.9 and 55.7% answered "agree" or "strongly agree," respectively, to the question regarding its usefulness, and 78.3% of physicians and 86.1% of pharmacists viewed the drug-drug interaction information as useful. Overall, 74.3, 72.5, and 69.3% viewed pregnancy contraindication, age contraindication, and therapeutic duplication, respectively, as useful; more pharmacists regarded these types of information to be more useful than did physicians (Table 4) .
Cautionary information for patients with liver or renal diseases was identified as the medication surveillance service of greatest need; it was selected by 48.7% of all respondents (55.0% of physicians, 43.7% of pharmacists), followed by drug-allergy caution information (33.8%), drug abuse caution information (13.6%), and gender caution information (3.9%). When stratified by type of healthcare provider, the proportion of frequency was significantly different between physicians and pharmacists regarding safety information on liver or renal diseases and drug interactions (55.0% vs. 43.7%) and clinical abuse or misuse (10.6% vs. 16.0%) ( Table 5 ).
Discussion
Difference in satisfaction between professions
Overall, 63.0% of the survey respondents were "satisfied" or "very satisfied" with the medication surveillance program, and a decrease in therapeutic duplication was regarded as a benefit of the medication surveillance by most respondents. However, the odds of being satisfied with the medication surveillance program were twotimes greater among pharmacists than among physicians, which suggests the need to improve factors hindering satisfaction with the medication surveillance program by considering the difference in the clinical status between the professions. While profession influenced the level of satisfaction with the surveillance program, the gender, region, and years of practice did not. Furthermore, profession influenced how the respondents felt about the improvements and clinical usefulness of the surveillance program. This finding may be attributable to differences in clinical characteristics, such as practice setting, the main types of service for which the medication surveillance program was used, and the types of relationships between physicians and pharmacists and their respective patients.
First, the observed differences between physicians and pharmacists may be caused by the fact that prescribing and dispensing occurred sequentially. In Korea, the medication surveillance program is provided via pop-up alerts through real-time checks of prescriptions at the stage of prescribing and dispensing. The physicians first access the surveillance program alerts when they prescribe medication, and the pharmacists access the alerts that the physicians leave unchecked. For that reason, the physicians and the pharmacists may feel differently about the amount and content of the alerts.
In addition, satisfaction level can be influenced by the fact that physicians and pharmacists focus on different Adjusted for profession, gender, age, region, years of practice, type of medical institution or pharmacy, and specialty areas in the process of prescribing and dispensing. Pharmacists focus on pharmacological treatment but prescribing by physicians is influenced by various factors, such as uncertainty associated with diagnosis, perception of patients' expectations, and need to maintain good physician-patient relationships [14, 15] . In the areas that need mutual collaboration, pharmacists want to identify and manage patients' drug-related problems, but physicians want to improve patients' adherence [16] . Because of the differences in the scope of roles and areas of focus, physicians and pharmacists might differently value the importance of alerts that provide information on drugs only, leading to the difference in levels of satisfaction. Furthermore, different professionals may feel differently about medication surveillance alerts. The results showed that 73.4% of physicians and 81.4% of pharmacists (8.0% difference) answered "agree" or "strongly agree" to the question regarding whether therapeutic duplication decreased through medication surveillance. This finding suggests that both physicians and pharmacists positively perceived the effect of the surveillance program on the reduction of therapeutic duplication because medications prescribed at another institution and dispensed at another pharmacy could frequently change. Nonetheless, a 15.1% difference was noted among professions who agreed that ADR prevention was a benefit of medication surveillance. Compared to pharmacists, highly specialized physicians deal with a limited scope of medications, and therefore, are more likely to receive alerts for which they already know the details and for which they perceive little value. This finding may have increased the inconvenience healthcare providers felt about the medication surveillance program, and thus, decreased their satisfaction with the surveillance regarding ADR prevention.
Factors affecting satisfaction
Our respondents, especially physicians, found age and pregnancy contraindication information to be less useful than the drug-drug interaction. Age and pregnancy contraindications are primarily based on the chemical structure of drugs and the results of animal studies because there are few clinical data. As previously mentioned, physicians consider satisfying patients' expectations regarding treatment, building trusting relationships, and clinical relevance of medicine. This suggests that they may have low levels of utilization and satisfaction with alerts that provide information based on pharmacological theories when prescribing for children and pregnant women. Moreover, both physicians and pharmacists cited alert fatigue as the most important reason for their dissatisfaction with alerts. Alert fatigue may negatively influence the level of satisfaction with medication surveillance. Healthcare professionals receive the same age and pregnancy contraindication alerts as the patient's age or pregnancy status remains unchanged. In particular, physicians, who tend to see the same patient for a longer period of time than do pharmacists, may receive the same alerts over a longer period. This situation can be seen in the difference between the percentage of pharmacists and physicians who viewed age and pregnancy contraindication information as being clinically more useful (17.6 and 13.2%, respectively) than the drug-drug interaction information (7.8%).
To eliminate the factors negatively influencing satisfaction with the medication surveillance program, efforts to provide only clinically significant and highly effective surveillance services are needed through a revaluation of the effects on drug use and value of currently provided information. The US and European countries that have a longer history of implementing medication surveillance have experienced the alert fatigue phenomenon [8, 9] . This fatigue may not only hinder tasks of physicians and pharmacists but may also lead them to be unaware of truly important alerts that need their attention. In an effort to solve the problem, the Netherlands strengthened the criteria for developing a drug database for the medication surveillance program by considering the effect [11, 17] . This criterion was to provide only clinically meaningful and effective information that could prevent inappropriate drug use that was likely to recur through evaluating the potential effect of the surveillance program on behavioral change in prescribing and dispensing. Based on the literature review, drugdrug interaction was classified into five levels from no evidence to controlled, published interaction studies in patients or healthy volunteers, and clinically relevant endpoints according to the quality of scientific evidence. According to the severity level of specific clinical effects or toxicities of interactions, drug-drug interactions were classified on a 6-category scale from clinically irrelevant effects to multi-organ failure/ death. Following the classifications, a group of experts decided whether there were drug-drug interactions and a need for intervention through the electronic medical surveillance system. Experts selected only the information that had drug-drug interaction and required action. In addition, the Netherlands has improved the medication surveillance system in which the prescriber can control the repetition of alerts and revaluate the appropriateness of the existing drug database in the surveillance program.
Current positive effect of the program and future needs Gender, region, and years of practice did not influence the level of satisfaction with medication surveillance, because the surveillance program in Korea was developed and disseminated under the leadership of the government and most healthcare professionals use the same software through the nationwide computerized medication surveillance system. Nonetheless, the respondents over 60 years of age were significantly associated with a higher level of satisfaction with the program (AOR, 2.63; 95% CI, 1.36-5.09). This result is interesting considering the possibility that exposure to alerts for a long period of time could cause alert fatigue among healthcare professionals. However, there may be little difference in the duration of exposure between age groups in this study, in part because at the time of the survey, a long enough time has not passed since the implementation of the surveillance system. The higher level of satisfaction among older respondents may be attributed to the educational effect of the warning messages; recent pharmacological issues may be new to older physicians but not to recent medical graduates.
Another survey conducted among physicians and pharmacists before the establishment of the computerized medication surveillance system indicated that some of the healthcare professionals prescribed or dispensed contraindicated drugs because they did not know about the contraindication, emphasizing the need for a system that continuously checks drug information [18] . The current medication surveillance system was shown to reduce drug-drug interactions [19] . Consistent with findings of positive effects of medication surveillance program in other countries [20, 21] , our survey also showed that healthcare professionals cited reductions in therapeutic duplication, ADR, and drug overuse as the benefits of the medication surveillance system. These findings suggest the strengths of Korea's medication surveillance system that guarantees equitable access to the program services for most healthcare providers nationwide.
Despite the strengths, the medication surveillance system needs to be customized to meet the needs of individual patients to provide various kinds of information that are more helpful for patient safety and relevant in clinical practice. We identified the areas of high demand, such as cautionary information regarding patients with liver and renal diseases (43.7%) and drug-allergy cautionary information (35.5%). This type of information can be made available only if the surveillance system considers clinical information of individual patients, such as diagnosis, laboratory results, patient history, and medication history. Both the US and European countries provide a wider scope in the medication surveillance program that includes drug-allergy cautions, drug-disease cautions, and abuse/ overuse cautions [8, 9] . Cautionary information for patients with renal disease was identified as the most useful of all types of medication surveillance services in the Netherlands where cautionary information is customized based on the renal function test of patients [22, 23] . To provide such diverse safety information, it is necessary to develop a system that collects patients' lab results, with their consent, and automatically checks their clinical information at the time of prescribing and dispensing. Implementation of this system will require an electronic medical record system, integration with the prescribing and dispensing system, and the patients' understanding and active participation in the medication surveillance program.
In our survey, some respondents answered the open-ended question and expressed their desire to retrieve additional information other than the items that we suggested, such as the list of drugs that the patients were currently taking, diagnoses, and medication history. This desire suggests that the current system of providing surveillance alerts on contraindications itself is not enough to be useful in clinical practice. Detailed information on contraindicated drugs was reported to be in high demand in other countries; information on side effects and the pharmacological mechanism are provided in the US and European countries [24] . Moreover, other countries have customized their medication surveillance systems to meet the needs of individual patients and established a system to share patient information among various healthcare providers; the US introduced E-prescribing systems and established the Web Portal Rx Hub by which healthcare providers can retrieve both patient history and prescription details. Since 2008, the Netherlands has a system that exchanges patient information [8, 22] . Korea also needs to establish a more effective and advanced medication surveillance system that is customizable to the needs of individual patients and healthcare professionals.
Strengths and limitations
This study diagnosed the status of the medication surveillance program, which has evolved over the past decade in Korea, by examining the level of satisfaction among healthcare providers with the current surveillance program and identified areas of additional needs for further development of the medication surveillance system. Despite its significance, this study had its limitations. Our sample may not represent the overall healthcare provider population. The respondents of our study were mainly in their 30s and 40s. This may be because younger respondents were more likely to be familiar with a web-based survey and sensitive to changes related to their work. The high representation of younger respondents could underestimate the overall level of satisfaction with the medication surveillance program, because respondents over 60 years of age were associated with higher levels of satisfaction in the logistic regression analysis. To mitigate the age-related selection bias, we additionally conducted face-to-face interviews to recruit older physicians; this attempt may contribute to the higher level of satisfaction with the program. Additionally, a substantial proportion of the respondents work in tertiary hospitals (42.7%) and hospital pharmacies (41.2%). These highly trained physicians and pharmacists may have been more interested in the medication surveillance program implemented by the government and, thus, participated in the survey more actively than did their peers in other settings. However, their special interest in the program or medicines does not guarantee their preferences or satisfaction with the program. The higher proportion of these respondents may not have affected the level of satisfaction. Rather, the lack of respondents working in hospitals or pharmacies near hospitals lead to underestimation of the level of satisfaction. These characteristics of our sample may hinder the generalizability of our findings. Future research should be conducted with respondents who are representative of the healthcare provider population in Korea, and thus, enhance the validity of the results of the study. In addition, as our study showed only clinical needs, future research needs to investigate factors influencing satisfaction.
Conclusions
The results of this study suggest that the current medication surveillance system should be improved by providing appropriate information that can be helpful depending on the interests and roles of physicians and pharmacists, as well as satisfying their clinical needs for additional information. Further development of the medication surveillance program should focus on clinically significant and useful information in practice through evaluating the effect of potential information on the behavioral change of healthcare providers rather than on a mere increase in information quantity. In addition, besides the clinical needs of physicians and pharmacists, future research needs to determine factors influencing satisfaction by profession. 
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